This study aims to develop a systematic patent training program using patent analysis and citation analysis techniques applied to patents held by the University of Saskatchewan.
Introduction
Traditional scholarly publications such as journal articles, books, and conference proceedings have been the major information sources for academic researchers. With the fast development of technology and innovation, patent documents are becoming an increasingly important primary scholarly information source. Patents are government grants that give inventors the exclusive right to make, use, or sell an invention. In exchange, inventors must fully describe the invention so that others can benefit from this advance. Because of the unique characteristics of patent documents, they provide certain advantages over other kinds of information sources. First, about 600,000 patents were granted worldwide each year recently, covering almost every field of technology.
However, two-thirds of the technical information disclosed in patent documents is never 4 has generated significant revenue to support the academic enterprise, outpacing the increase in any other source of academic R&D funding. For example, while the US federal R&D funding for universities increased 51% from 1991 to 1999, the revenues from technology transfers increased 340% during the same period 9 . Moreover, universities have also been recognized as a resource and engines of economic innovations during this entrepreneurial development 10 . Academic libraries, as one of the key supporters of R&D activities on campus, need to respond to these changes and provide better information support to the proliferation of patenting activities. However, in most academic library, this type of support is usually provided only by a small body of librarians specializing in patents, and many other librarians are not familiar or comfortable with patent information source. Therefore, it is essential for more librarians to have an understanding of patents and their utility for R&D.
As discussed above, incorporating patent information in research activities will help researchers in many ways. The University of Saskatchewan (UofS) Library is committed to contribute to the success of researchers and scholars in the university community. The Library has been receiving requests for patent information from library users, and responded by offering patent search workshops including both group and one-on-one instruction upon request. The main components of these workshops include basic patent knowledge, interpretation of patent documents, and searching the USPTO database.
Although the feedback was generally positive, these sessions were reactive, lacking a systematic and proactive approach to the patent search training program. Therefore, it is important to develop a systematic patent search training program and include it as an integral part of the information literacy programs.
A range of research methods have been used to design information literacy programs by academic librarians. These include questionnaires, pre-tests and post-tests, focus groups, and interviews 11 . As well, citation analysis, a branch of biliometrics, is another research method that has been widely used in collection management and research work evaluation, although few studies have used this technique to develop information literacy programs by analyzing students' assignments. For example, Yu and colleagues analyzed the bibliographies of design project reports from engineering students, and concluded that the emphasis of information skills programs needs to shift from merely finding information to include interpreting and citing it accurately 12 . This study also suggested that different research topics may have different citation patterns. Kraus used citation analysis to identify the information sources used in biology students assignments 13 .
Patent analysis is another branch of bibliometrics. It has been mainly used from a business perspective to identify core technologies, measure research outputs, and predict industrial trends, thus providing evidence for technological policy decision making. For example, Chen and colleagues conducted a patents analysis, utilizing the USPTO classification system, to identify core technologies and key industries in Taiwan 14 .
However, there is little research discussing the use of patent analysis in library fields, except one study by Gupta suggesting that information found through patent analysis could be used to improve information support 15 . This study explores using both patent analysis and citation analysis techniques to develop a systematic patent search training program.
Objective
The main objective of this study is to develop a systematic patent search training program by utilizing evidence found in patents owned by the University of Saskatchewan.
Specifically, the study will examine the following questions:
A. Is there an increasing need for patent information?
B. What are the key research fields of the University?
C. What is the citation pattern (i.e., types of information sources used) in these patents?
D. Which countries granted the patents cited by inventor(s)?
The answer to Question B will help determine the target audience for the training program. The answers to Question C and D will provide evidence for designing the contents of this program.
Methods:
Delphion examiners. Because the purpose of this study is to identify citation patterns of inventors/researchers, the references provided by examiners were not included.
In order to identify the key research fields of the University, a modified research field classification system was developed. In the Delphion database, each patent was assigned at least one International Patent Classification (IPC) code based on the different areas of technology to which a patent pertains 16 . However, some of the classification sections of IPC were not applicable to the University of Saskatchewan. For example, Section D "Textiles; Paper" of IPC is apparently not a research field of the University. Because this study is related to the research fields of the University, it is necessary to take into account of the academic programs offered at the University. Therefore, a modified research field classification was developed based on both IPC and the programs offered at the University. A calibration exercise proceeded before finalizing the classification system, which includes the following research fields: Agriculture, Biochemistry (including microbiology and genetics), Chemistry, Electricity, Medical Sciences, Physics, and Veterinary Sciences. Each patent was assigned a research field.
Results:
By searching the Delphion database, 352 patents were retrieved, of which 186 were duplicates. 50 patent applications were also excluded, thus 116 patents were included for this study.
Patents owned by the University of Saskatchewan by year
The first UofS held patent was granted in 1981. 
Types of references
Of 116 patents held by the Uof S and examined in this study, the inventors cited references to patent literature in 102 (88%) patents, to journal articles in 108 (93%) patents, to books in 89 (76%), to conference proceedings in 24 (21%). Other reference types cited included manuals, software, websites and standards. In total, 6919 references were cited in the 116 patents. The average of total references cited per patent is 59. 6 . The details of the references cited are listed in Table 1 . Journal articles were cited most frequently, consisting of 58.1% of the total reference types cited. Patents ranked second with 27.8%; books were also used commonly by inventors with a percentage of 11.5%;
and conference proceedings appearance rate was 0.5%. All the other types of references including standards, websites, thesis and desertions, manuals, software, etc were used insignificantly across the 116 patents. When the reference types were classified as patents versus non-patents (which include journal articles, books, conference proceedings, etc.), the average of number of non-patent references is more than two and on-half time (260%) of that of patent references. The results indicate that journal articles, patents, and books are the major types of references used by inventors and researchers at the UofS, and nonpatent references are used more often than patent references.
Country-wise references to patent literature
The patent references used by inventors were granted by different countries (Figure 3 ).
Of the total 1920 patents cited by inventors, 1421 (74%) were granted by US, 289 (15%)
were granted in Europe, 180 (9%) were granted by WIPO, 15 (1%) were granted by Japan. The rest of 15 (1%) were granted by other countries including Canada, Australia and China. The results indicated that the majority of patents cited by UofS inventors were those granted by the US. This is not surprising because the United States is generally recognized as the largest technology market, however, patent information from other countries also contributed significantly to the research activities.
Key research fields
Based on the highest number of patents, the most important research fields at the UofS during the period from 1981 -2007 were Medical Sciences, Biochemistry, Veterinary Sciences, Agriculture, Chemistry, Physics, and Electricity. Figure 4 illustrates the number of patents in each field. The results indicate that the University's key research fields include life sciences (i.e., Biochemistry, Medical Sciences, and Veterinary Sciences), agriculture and chemistry in terms of research output, and the output from engineering discipline (i.e., Physics and Electricity) is somewhat slight.
In order to find if there are different citation patterns across disciplines, the citation patterns in the engineering discipline were compared with the life sciences discipline.
The average number of references used in engineering is 9.6 per patent, significantly less than that in life sciences (72.6 per patent, p<0.01). It was noted that, across the 116 patents, no references were used in 4 patents --2 in the field of Physics, 1 in Electricity, and 1 in Agriculture. A closer look of the patent in Agriculture found that it can also be categorized as engineering. These findings suggest that the patents in engineering discipline have a different citation pattern from those in life sciences discipline, implying that researchers in the two disciplines may have different information behaviors.
Discussion
During the last decade, commercialization of research and scholarly work in the sciences has been increasing significantly at the UofS, as evidenced by the fact that the number of patents held by the institution has tripled in the last decade compared to the previous 18 years. As inventive activities intensify, there will be increased demands for patent information from the researchers at UofS. This is also confirmed by the author's observation that more patent-related information requests have been received during the last few years. Therefore, the library needs to adapt and provide a more systematic approach to patent information support to the users.
This study found that, the average number of non-patent references used by inventors and researchers at the UofS is 260% of that of patent references, indicating that they have demonstrated better capabilities in searching for prior art in non-patent information sources than in patent information sources. Prior art refers to "all information that has been disclosed to the public in any form about an invention before a given date" 17 . The
University of Saskatchewan Library provides an intensive information literacy program for its user community, including students, faculty, researchers and practitioners, particularly in the life sciences discipline. The fundamental content of these programs includes instruction in scientific database searching for journal articles, and catalogue searching for books. One finding from this study indicates the information literacy program as provided is successful.
On the other hand, this study shows that researchers at UofS are using significantly less In this study, the patents cited by the UofS inventors were mainly granted by USPTO, EPO, WIPO, and Japan, indicating that the inventive activities at UofS have been largely building on the technical information from those countries/organization. Therefore, the patent search training program should provide information on searching for patents in those countries. The literature on patent search training is slight, focusing on searching individual government patent databases, particularly the USPTO patent database 19 .
Though the United States is generally recognized as the largest technology market, technology from other countries is also important. Therefore, the USPTO database may 
Conclusion
This study used patent analysis and citation analysis techniques to develop a systematic patent search training program for the researchers at the University of Saskatchewan that can be applied in other academic institutions.
In developing a systematic patent search training program, the following several elements need to be considered. First, it is essential that patent information searching be integrated into library instructions. For example, this training need to be offered to the upper year science students involved in research courses/projects, engineering students involved in design projects, and upper year business students. Second, when delivering this patent training program to researchers, identifying target audience is important because users learn better when they have a real need. This can be completed by analyzing key research fields based on the IPC and the academic programs offered at your institution. This patent search training will include basic patent knowledge, basic patent search techniques, as well as advanced search techniques such as use of the patent classification system and introduction to patent citation searching. Third, librarians need to promote the value of patent information sources to prospective users stressing the content and accessibility.
The promotion will focus on the wealth of technical information in patents, the availability of online patent resources, the value of aggregated patent databases, and the knowledge to overcome barriers of non-Latin-based language patents. 
